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[57] ABSTRACT 

Methods of delivering agents to target cells including meth 
ods of immunotherapy, are disclosed in Which monospeci?c 
binding proteins are administered to a host and bind to target 
cells followed by administration of multivalent antibodies to 
direct the agents to the target cells. 

22 Claims, 15 Drawing Sheets 
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Figure 3 

A. U7. 6 heavy chain variable region sequence 

CAG GTC CAA CTG CAG CAG TCT GGA CCT GAG CTG GAG AAG CCT GGC 
gln val gln leu gln gln ser gly pro glu leu glu lys pro gly 

GCT TCA GTG AAG ATA TCC TGC AAG GCT TCT GGT TAC TCA TTC ACT 
ala ser val lys ile ser cys lys ala ser gly tyr ser phe thr 

GGC TAC ATC ATG AAC TGG GTA AAA CAG AAC AAT GGA AAG AGC CTT 
gly tyr ile met asn trp val lys gln asn asn gly lys ser leu 

GAG TGG ATT GGA AAT ATT GCT CCT TAC TAT GGT GGT ACT AGC TAC 
glu trp ile gly asn ile ala pro tyr tyr gly gly thr ser tyr 

AAC CAG AAG TTC AAG GGC AAG GCC ACA TTG ACT GTA GAC AAA TCC 
asn gln lys phe lys gly lys ala thr leu thr val asp lys ser 

TCC AGC ACA GCC TAC ATG CAG CTA AGC AGC CTG ACA TCT GAG GAC 
ser ser thr ala tyr met gln leu ser ser leu thr ser glu asp 

TCT GGA GTC TAT TTC TGT GCA AGA TGG GGA GGT ACT ATG ATT ACG 
ser ala val tyr phe cys ala arg trp gly gly thr met ile thr 

GGT CT'I‘ GAC TAC TGG GGC CAA GGC ACC ACT CTC ACA GTC TCC TCA 
gly leu asp tyr trp gly gln gly thr thr leu thr val ser ser 

B. U7.6 light chain variable region sequence 

GA'I‘ ATT GTC ATG ACC CAG TCT CCA GCA ATC ATG TCT GCA TCT CCA 
asp ile val met thr gln ser pro ala ile met ser ala ser pro 

GGG GAA AAG GTC ACC ATG ACC TGC AGG GCC AGC TCA AGT GTA AGT 
gly glu lys val thr met thr cys arg ala ser ser ser val ser 

TCC ACT TAC TTC CAC TGG TAC CAG CAG AAG TCA GGT GCC TCC CCC 
ser thr tyr phe his trp tyr gln gln lys ser gly ala ser pro 

AAA CTC TGG ATT TAT AGC ACA TCC ACC TTG GCT TCT GGA GTC CCT 
lys leu trp ile tyr ser thr ser thr leu ala ser gly val pro 

GCT CGC TTC AGT GGC AGT GGG TCT GGG ACC TC'I‘ TAC TCT CTC ACA 
ala arg phe ser gly ser gly ser gly thr ser tyr ser leu thr 

ATC AGC AGT GTG GAG GCT GAA GAT GCT GCC ACT TAT TAC TGC GAG 
ile ser ser val glu ala glu asp ala ala thr tyr tyr cys gln 

CAG TAC AGT GGT TAC CCG CTC ACG TTC GGT GCT GGG ACC AAG CTG 
gln tyr ser gly tyr pro leu thr phe gly ala gly thr lys leu 

GAG CTG AAA CGC 
glu leu lys arg 
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METHODS OF DELIVERING AGENTS TO 
TARGET CELLS 
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DESCRIPTION 

BACKGROUND OF THE INVENTION 

Cytotoxic cells express speci?c receptors on their surfaces 
by Which they distinguish altered or foreign cells from 
normal autologous cells. These receptors form multiple links 
to structures on target cell surfaces, leading to stable con 
jugates betWeen cytotoxic and target cells. Each cytotoxic 
cell then delivers a “lethal hit” to its conjugate target cell and 
detaches from it, leaving a dying target cell and a cytotoxic 
cell Which is free to locate and destroy another target. (Segal, 
D. M. et al., Cancer Invest. 6(1): 83—92 (1988); Segal, D. M. 
et al., Mol. Immunol. 25: 1099—1103 (1988)). 

Recently, a method has been developed by Which the 
natural recognition system of cytotoxic cells can be arti? 
cially manipulated, giving rise to cytotoxic cells of any 
desired speci?city, including speci?city against tumor cells 
(Segal, D. M., et al., US. Pat. No. 4,676,980; Karpovsky, B., 
et al.,]. Exp. Med, 160: 1686—1701 (1984); PereZ, P., et al., 
Nature, 316: 354—356 (1985)). The method for retargeting 
cytotoxic cells employs crosslinked heterobispeci?c 
antibodies, in Which one antibody is directed against the 
receptor on the cytotoxic cell Which is involved in lysis, 
While the second antibody is directed against a target cell 
structure, for example, a tumor antigen. By linking the 
relevant receptor on the cytotoxic cell directly to the target 
cell, the crosslinked heterobispeci?c antibodies promote the 
formation of effector: target conjugates and signal the cyto 
toxic cell to deliver a lethal hit. Antibody heteroaggregates 
can be produced by chemical crosslinking, or by fusing tWo 
hybridoma cells. (Segal, D. M., et al., in: Biological Therapy 
of Cancer Updates Vol. 2, V. T. DeVita, S. Hellman, and S. 
A. Rosenberg, eds. J. B. Lippincott Co., Philadelphia pp. 
1—12 (1992)). 

In recent years a great deal of interest has been focused on 
redirecting cytotoxic cells to kill unWanted neoplastic or 
virally infected cells. A common Way of doing this is to use 
a bispeci?c antibody With dual speci?city for an antigen on 
the target cell and a triggering molecule on the effector cell 
(such as CD3 on T cells). Such bispeci?c antibodies are 
being used in a number of clinical trials to target T cells 
against tumor. (Segal, D. M. and Wunderlich, J. R., Cancer 
Investigation 6: 83—92 (1988)). 

The concept of retargeted effector cells for treatment of 
pathological conditions, such as cancer, offers some advan 
tages over conventional, non-targeted immunotherapy. 
HoWever, immune selection of targeted cells over normal 
cells is still problematic. Increased selectivity may be 
accomplished by combining forms of therapy, such as radia 
tion and/or chemotherapy in conjunction With immuno 
therapy. HoWever, these supplemental therapies are often 
accompanied by serious side effects. Moreover, to reach the 
targeted cancer cells, these large crosslinked antibodies, 
must penetrate solid tumor tissue suf?ciently to bind to the 
targeted tumor cell. 

Additionally, host immune responses to xenoantibodies 
(i.e., antibodies produced in species other than the host 
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2 
undergoing treatment) have been observed in clinical trials. 
These responses could destroy the antitumor speci?city of 
retargeted effector cells. Furthermore, clearance of unbound 
crosslinked antibodies of this siZe, as Well as clearance of the 
antibodies folloWing binding, is also a problem. 

Finally, retargeted effector cells may lose their arti?cially 
acquired tumor receptors (the heterobispeci?c antibodies) 
by interaction With tumor cells, by effector cell division, by 
endocytosis, by proteolytic extracellular enZymes, or by 
natural shedding. Antitumor activity in the host can be 
maintained by repeated treatments With effector cells and 
targeting antibodies. HoWever, it is expensive and time 
consuming to produce large quantities of heterobispeci?c 
antibodies With the speci?city necessary to interact With the 
intended target such as cell surface tumor antigens. Thus, it 
Would be advantageous to be able to produce large amounts 
of clinical grade bispeci?c antibodies, for use With many 
different tumor antigens or cell surface markers for repeated 
treatment. 

SUMMARY OF THE INVENTION 

The present invention relates to methods of delivering 
agents to target cells. The target cells are modi?ed by one or 
more monospeci?c binding proteins reactive With one, or 
more, naturally-occurring target cell surface markers. The 
monospeci?c binding protein reactive With the cell surface 
marker is tagged, fused to, or labelled With a chemical 
moiety Which is recogniZed by, and binds to a site on a 
multivalent antibody, Which also binds an agent to be 
delivered. The agent is bound to the multivalent antibody, 
Which in turn, is also bound to a tagged monospeci?c 
binding protein Which is bound to a cell surface marker on 
a target cell. Thus, the agent is delivered, or directed, to the 
target cells. 

Chemical moiety, as used herein, includes a genetically 
fused or otherWise coupled peptide, one or more peptides 
Within the sequence of a mono- or bispeci?c binding protein, 
a posttranslationally or chemically modi?ed peptide, a 
chemical substituent such as biotin, incorporated into the 
protein, or any non-natural amino acid incorporated into the 
binding protein. Chemical moiety also includes any protein 
or parts thereof, or peptide comprising an amino acid 
sequence that is reactive With a recognition site, including a 
linker connecting variable regions of a single-chain Fv (sFv) 
or sFv fusion protein, or an epitope of the monospeci?c 
binding protein. 

Selectivity, as used herein, refers to the recognition of 
targeted cells, as opposed to non-targeted, or normal, cells. 
Speci?city, as used herein, refers to the recognition of 
unique cell surface components, such as antigens or recep 
tors by a binding molecule. Recognition site refers to the 
part of a binding molecule that is reactive With, associates 
With, or binds to, a chemical moiety. The recogniZed site 
may be a binding site on a protein, a continuous or discon 
tinuous epitope of a protein, or a peptide or chemical 
substituent added chemically or biochemically. 
The host can be a mammalian host, including humans, 

domestic animals (e.g., dogs, cats, horses), mice or rats. 
The term monospeci?c binding protein is intended to 

encompass binding protein fragments such as Fab and 
F(ab)‘2 fragments, Fab fusion proteins (Better, M. and 
HorWitZ, A. H., Meth. Enzymol. 178: 476—496 (1989), 
single-chain Fv (sFv) proteins (also referred to herein as 
single-chain antibodies) single-chain Fv fusion proteins, 
chimeric antibody proteins (e.g., recombinant antibody pro 
teins derived from transfectoma cells (Shin, S.-U. and 
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Morrision, S. L., Meth. Enzymol. 178: 459—476 (1989); 
Love, T. W., et al., Meth. Enzymol. 178: 515—527 (1989)), 
chimeric single-chain proteins and other single-chain fusion 
Fv analog proteins, such as single-chain T cell receptors. 
The preferred monospeci?c binding protein is a single-chain 
antibody. The term monospeci?c binding protein is also 
intended to encompass mixtures of more than one mono 
speci?c binding protein reactive With naturally-occurring 
cell surface components (e.g., a cocktail of different types of 
monospeci?c binding proteins reactive With a number of 
different cell surface epitopes). 

The term multivalent antibody is intended to encompass 
any multivalent antibody including polyclonal or mono 
clonal antibodies (e.g., IgG or IgM), crosslinked hetero 
bispeci?c Whole antibodies, (polyclonal or monoclonal) 
crosslinked biologically functional fragments thereof (e.g., 
Fab fragments) chimeric antibodies comprising proteins 
from more than one species, bispeci?c single-chain 
antibodies, chimeric single-chain antibody analogs and 
homodimeric IgG molecules. These multivalent antibody 
proteins can be produced by knoWn laboratory methods. 

In a preferred embodiment, the monospeci?c binding 
protein binding to the target cell surface marker is a single 
chain antibody (sFv); the chemical moiety is a peptide tag 
(e.g., an amino acid sequence); and the multivalent antibody 
is a heterobispeci?c antibody Which binds to the peptide tag 
of the sFv and also binds to an agent to be delivered to the 
target cell, such as an effector cell. 

In another embodiment, the method of delivering, or 
directing, agents to a target cell uses a mixture, or cocktail, 
of monospeci?c binding proteins. This cocktail contains a 
number of different types of monospeci?c binding proteins, 
each type of binding protein being speci?c for a different cell 
surface marker, epitope, or antigen, on the target cell. Thus, 
because each class of target cell has its oWn unique cell 
surface component pro?le, the target cell can be modi?ed 
With greater speci?city than With monospeci?c binding 
proteins to a single surface component alone. 

The present invention further relates to a method of 
immunotherapy in a host Whereby target cells are destroyed 
With enhanced selectivity using target cell-directed cytotoxic 
agents. This method of immunotherapy involves tWo con 
cepts: the speci?c modi?cation of the target cell With chemi 
cal moiety-labeled monospeci?c binding proteins and the 
targeting of cytotoxic agents to the modi?ed target cells. 

The method of immunotherapy described herein, com 
prises administering to a host a monospeci?c binding protein 
Which binds to one or more naturally-occurring cell surface 
markers, and thus, “modi?es” the target cell. The monospe 
ci?c binding protein is tagged With a chemical moiety, such 
as a peptide. Subsequent to the modi?cation of the target 
cell, a multivalent antibody Which binds to the chemical 
moiety-tagged target cell and also binds a cytotoxic agent, is 
administered to the host. 

Alternatively, cytotoxic agents such as cytotoxic 
T-lymphocytes (CTLS) may be coated With multivalent 
antibodies in vitro and the retargeted (i.e., directed to the 
target cell for delivery) CTL’s administered after the ?rst 
step of target cell modi?cation. Because the tagged 
monospeci?c binding protein is smaller than a Whole, intact 
heterobispeci?c antibody, the unbound tag clears from the 
circulation much faster than the larger bispeci?c antibody. 
This greatly reduces background, nonspeci?c binding, and 
serum levels of the tagged monospeci?c binding protein. 
Thus, the cytotoxic agent destroys the target cell With 
enhanced selectivity, based on the unique modi?cation of the 
target cell by the tagged monospeci?c binding protein. 
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4 
In another embodiment, the binding af?nity betWeen the 

peptide-tagged (or moiety labeled) monospeci?c binding 
protein and the multivalent antibody is altered or decreased 
(i.e., reduced to loWer than normal binding af?nity). Effec 
tive targeting With this decreased binding af?nity takes 
advantage of multi-site contacts betWeen CTL-bound mul 
tivalent antibodies and the modi?ed target cell, and thus, 
results in more speci?c interaction betWeen the agent to be 
delivered and the target cell. For example, the decreased 
binding af?nity betWeen modi?ed target cell and multivalent 
antibody precludes Weak single-site targeting and strongly 
favors binding of the cytotoxic agent to the target cell With 
the enhanced selectivity of multi-site interaction. The 
decreased binding af?nity can be accomplished by mutating 
the amino acid sequence of the peptide tag, (or structure of 
the chemical moiety) or the sequence of the multivalent 
antibody such that the af?nity of the multivalent antibody for 
the peptide tag is decreased. 
The utility of binding proteins having tWo independent 

binding sites of different selectivity for the treatment or 
control of tumors, viral infected cells, bacteria and other 
pathogenic states has been recogniZed. (Segal, D. M. and 
Snider, D. P., Chem. Immunol. 47:179—213 (1989); (Segal, 
D. M., et al., in: Biological Therapy of Cancer Updates Vol. 
2, V. T. DeVita, S. Hellman, and S. A. Rosenberg, eds. J. B. 
Lippincott Co., Philadelphia pp. 1—12 (1992)). HoWever, 
conventional bispeci?c antibodies (e.g., cross-linked 
antibodies) are too large to easily penetrate solid tumors. 
Thus, an immunotherapy approach that uses a monospeci?c 
binding protein With a multivalent antibody has a number of 
advantages. 

Additional bene?ts derive from the incorporation of stan 
dardiZed epitopes on antigen binding regions that are tar 
geted to speci?c surface components on target cells. These 
separate targeting regions are advantageous because they are 
typically of a smaller siZe than the heterobispeci?c antibody, 
the binding of Which Will serve to localiZe or “?x” the 
antigen binding regions in situ to enhance target localiZation. 
The monospeci?c binding protein has a unique ability to 

penetrate solid tumors and to be rapidly cleared from the 
circulation if not localiZed at a target site. Thus, these 
proteins are extremely suitable for tumor immunotherapy. 
The monospeci?c binding protein also shoWs negligible 
nonselective binding and unWanted deposition in organs, 
such as the kidney (Yakota, T., et al., Cancer Res. 52: 
3402—3408 (1992)). Because of its small siZe, usually less 
than 52,000 mol. Wt. and preferably less than 30,000 mol. 
Wt., the monospeci?c binding protein is less immunogenic 
and thus, less likely to cause a host immune reaction during 
the course of therapy. Also because of its small siZe, the 
monospeci?c binding protein is less susceptible to proteoly 
sis. Thus, the monospeci?c binding protein is reasonably a 
more stable reagent. 

Furthermore, any monospeci?c binding protein can be 
constructed With a distinctive chemical moiety Which is 
recogniZed by the multivalent antibody. Thus, a generic 
multivalent antibody can be constructed Which binds a 
distinctive peptide tag at one binding site of and an agent to 
be delivered at the second binding site, for universal use in 
any number of immunotherapeutic situations. Additionally, 
the methods of immunotherapy described herein, can target 
anything that is recogniZed by the non-peptide multivalent 
binding sites. Thus, one can target a cytotoxic lymphocyte, 
a radioisotope, an imaging agent or a lethal drug to destroy 
the target cell. 
The same peptide-tagged monospeci?c binding protein 

can be tested or used for different regimes or therapy Without 
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reworking the monospeci?c binding protein structure or 
production protocol. Moreover, since the peptide-tagged 
monospeci?c binding protein is not toxic by itself, the 
therapeutic WindoW for a combination, tWo-stage immuno 
therapy should be far greater than Would be possible for a 
single administration of toxic immunoconjugate. (Bosslet, 
P., et al., Cancer Treat. Rev. 17: 355—356 (1990); Bosslet, P., 
et al., Br J. Cancer; 63: 681—686 (1991). 

Furthermore, a unique advantage of this method of immu 
notherapy is that it alloWs multi-site targeting based on 
moiety-tagged monospeci?c binding protein cocktails. For 
example, a cocktail can comprise a mixture of sFv proteins 
each sFv having a standardiZed chemical moiety common to 
the mixture of sFv proteins, yet different sFv proteins can 
bind to distinct antigens on the tumor or other target cells. 
Multi-site interactions Would be necessary if antibodies are 
chosen With loW binding constants for association With the 
chemical moiety. Alternatively, a loWer than normal binding 
constant can be attained by using a truncated, or otherWise, 
mutated peptide tag sequence. BeloW some threshold 
af?nity, e.g., Ka>in,,inSl-C=103M_, the cell-directed cytotoxic 
agent Would be unable to effectively bind through one or 
even tWo contacts, but With higher numbers of interactions, 
multi-site binding can be very tight. Thus, a very stable 
targetzeffector conjugate is formed. 

Furthermore, the selectivity of the cell-directed cytotoxic 
agent is enhanced by multi-site targeting. A major problem 
of cancer immunotherapy is escape of variants, or loss of 
surface epitopes on the cancer cells due to mutations. 
George, A. J. T., et al., International Rev. Immunol. 4: 
271—310 (1989). The problem is minimiZed by the use of 
multi-site targeting immunotherapy as described herein. For 
example, if a tumor cell has four unique epitopes as targets, 
but only one epitope is targeted, and that one epitope is lost 
through mutation, successful treatment using a single target 
immunotherapy Which targets the lost epitope is precluded. 
HoWever, With multi-site targeting, Which Would target all 
four epitopes, if one epitope is lost, the treatment can still be 
successful because three remaining epitopes are available 
for targeting of the therapeutic agent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a method of 
immunotherapy using monospeci?c binding proteins and 
multivalent antibodies. 

FIG. 2 is a schematic representation of the method of 
production of the U76 sFv. Step (1) shoWs the joining of VH 
and VL PCR products to yield the U76 sFv gene and Step 
(2) shoWs the combination of U7.6 sFv gene and the pHEN1 
expression vector to yield the pHEN1-U76 plasmid. 

FIG. 3A is the DNA sequence (SEQ ID NO:1) of the VH 
region of U7.6 sFv With its predicted amino acid sequence 
(SEQ ID NO:2). 

FIG. 3B is the DNA sequence (SEQ ID NO:3) of the VL 
region of U7.6 sFv With its predicted amino acid sequence 
(SEQ ID NO:4). 

FIGS. 4A and 4B represent the results of SDS polyacry 
lamide gel electrophoresis (SDS-PAGE) and Western Blots 
of the U76 sFv during production and puri?cation. 

FIG. 5 is a graphic representation of the siZe analysis of 
renatured U7.6 sFv (upper pro?le) and dot-blot data shoW 
ing speci?c absorption to DNP-lysine-Sepharose (loWer 
panels). 

FIGS. 6A—D depict the results of binding of U7.6 sFv to 
TNP modi?ed cells measured by ?uorescent activated cell 
sorting (FACS). 
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FIG. 7 shoWs the results of the relative binding of U7.6 

sFv and Fab to TNP coated B6MC1 cells. 

FIG. 8 shoWs the results of inhibition of U7.6 Fab and 
U76 sFv binding to TNP modi?ed cells by free DNP hapten. 

FIG. 9 shoWs the results of inhibition of U7.6 Fab binding 
to TNP modi?ed cells by U7.6 sFv. 

FIG. 10 shoWs the results of binding of OKT9 sFv to 
K562 cells. 

FIGS. 11A—C shoW the results of targeting of lysis using 
U7.6 sFv. 

FIG. 12 shoWs the results of lysing TNP-TFR transfected 
L cells by activated human T cells. 

FIG. 13 is a schematic representation of multi-site binding 
of cytotoxic T-lymphocytes to target cells modi?ed With 
multiple single-chain Fv fusion proteins. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to methods of delivering or 
directing, agents to target cells. The target cell is modi?ed by 
one or more monospeci?c binding proteins reactive With 
one, or more, naturally-occurring target cell surface mark 
ers. The monospeci?c binding protein reactive With the cell 
surface marker is tagged, fused to, or labelled With a 
chemical moiety Which is recogniZed by, and binds to a site 
on a multivalent antibody, Which also binds an agent to be 
delivered. Thus, the agent is delivered, or directed, to the 
target cell. 

Speci?cally, a monospeci?c binding protein bound to a 
cell surface marker is tagged, or labelled, With a chemical 
moiety Which serves as a contact, or signal, for association 
With a recognition site on a multivalent antibody. This 
multivalent antibody also binds an agent to be delivered, or 
directed to, the target cell, at another binding site. Thus, the 
agent is delivered to the target cell through the association 
of the recognition site on the multivalent antibody and 
chemical moiety of the modi?ed target cell. 
The target cells of the present invention include any cell 

in a mammalian host Which is undesirable and needs to be 
eliminated, controlled, attacked and/or destroyed function 
ally or otherWise. In particular, target cells can be tumor 
cells, bacteria-infected cells, virus-infected cells, or autoim 
mune cells. 

The target cells have naturally-occurring cell surface 
components, or markers. These surface markers include 
speci?c receptors, such as the melanocyte-stimulating hor 
mone (MSH) receptor expressed on melanoma cells, or 
selective antigens, such as the human cancer antigen CA 125 
expressed on ovarian carcinoma cells. Cell surface markers 
also include the major histocompatibility complex mol 
ecules (MHC I or MHC II), and virus-infected cells often 
express viral antigens on their surfaces. Taken together, a 
cell’s surface components present a surface marker pro?le 
unique to that particular type of cell. 

The cell’s surface markers can be used to direct agents, 
such as imaging agents, other antibodies and cytotoxic 
agents, such as drugs or cytotoxic effector cells, to be 
delivered to the cell. Cytotoxic agents can include cytotoxic 
drugs and radionucleotides effective in chemical or radiation 
therapy. For example, a drug can be designed to bind to a cell 
surface receptor and block ligand binding, or an antibody 
can be speci?cally bound to a target cell via a cell surface 
marker, thus, ?agging the target cell for cells mediating 
antibody-dependent cellular cytotoxicity. HoWever, drugs 
and antibodies directed to naturally-occurring cell surface 






























